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A Focus
on

NATURAL
RESOURCES

,,1.

Joseph A. Chapman
Dean, College of atural
Resources

he public is insisting that our commodity needs
are balanced against recreational, wildlife, and
ecosystem concerns, especially on public land," said
Joseph A. Chapman, dean of the College of Natural
Re ource , in remarks delivered during the
College's commencement exercises at USU.
"Public awareness and interest in natural
resources and the environment is high, and I believe
it will remain so in the decades ahead," Chapman
said, and he stressed the importance of coupling the
human dimension of management with technical
competence.
Accompanying the "move from the conservation
era into the environmental era" is a need for global
and interdisciplinary research concerning such
issues as ecosystem stability, biodiversity and
multiple use conflicts. Many of these issues are
extremely complex--and some may be controversial,
Chapman said.
The articles in this issue of Utah Science are
devoted to research underway in the College of
Natural Resources. They mirror the concerns cited
by Chapman.
Agricul ture is also trying to accommodate the
public's changing views of natural resources--and
it's a process that's occasionally marred by conflicts
42 UTAH SCIE CE

and rancorous debate. As the proportion of farmers
and ranchers shrinks, agriculture's interests may not
be accorded the weight we think they deserve.
Yet, as Chapman noted, public concern over the
use of natural resources will persist. We hope that
the conflicts will ultimately be resolved by an
impartial examination of the evidence, and not by
emotional fervor. We believe agriculture can utilize
natural resources in an environmentally sound,
economically feasible, and socially responsible
manner, and are supporting research that
encourages the use of natural resources in this
manner.
This issue concerns some of the research projects
supported by the Utah Agricultural Experiment
Station, and other selected projects of interest. This is
by no means a comprehensive review of research
underway in the College of Natural Resources, nor
of the Station-supported research underway in the
College. (Many of these projects were discussed in
previous issues.)
Chapman encouraged graduates to "view
change as an opportunity." With research that
encourages the sound and sensible multiple-use of
natural resources, agriculture can view change in the
same light.

Determining How

RANGELAND
PLANTS
Get Along

S

orne of the legendary livestock-related conflicts
of the Old West have faded--sheep producers versus
cattlemen, for example--but others are cropping up.
These new altercations involve the compatibility
between rangeland plants.
Plant wars, so to speak.
Criticism of livestock grazing on public lands
and of some of the basic tenets underlying multiple
use often involves the ecological balance among
plants. Of particular concern is the relationship
between sagebrush, bluebunch wheatgrass, and
crested wheatgrass, which is the focus of research by
range scientist David Pyke.
Livestock seldom utilize sagebrush, which is a
staple in the diets of mule deer and other wildlife,
particularly during the winter. Crested wheatgrass,
which holds its own against sagebrush better than
bluebunch wheatgrass, a native grass (see related
story, page 47), is often seeded to increase forage
production for livestock
However, there's some indication that crested
wheatgrass's competitiveness may decrease seed
production of sagebrush, perhaps enough to
threaten the long-term survival of this ubiquitous
shrub.
"It has long been thought that bluebunch
wheatgrass was less competitive than crested
wheatgrass, but there's not a lot of documentation to
support this view," says Pyke who is studying
relationships among these species.
Sagebrush appears to dominate bluebunch
wheatgrass, particularly when livestock grazing is

permitted. "As a rough estimate, sagebrush produce
about twice as much seed with bluebunch
wheatgrass as with crested wheatgrass," Pyke says.
There are indications that grazing by livestock
on some sites actually benefits sagebrush seed
production, as researchers found in Brown's Park in
northeastern Utah where sagebrush had stopped
flowering for several years. Because sagebrush will
not regrow following a fire or disease, the lack of
seed production threatened the survival of
sagebrush. The cause: overbrowsing by mule deer
that removed 60 to 90 percent of the bra ches. "Some
people thought livestock were to blame. If anything,
our results indicated that livestock grazing was
beneficial to sagebrush because it reduced
competition from other plants," Pyke says.
Pyke also plans to determine seeding rates that
allow grasses to outcompete weedy species.
Clarifying the relationships between rangeland
plants could clear up some of the uncertainties about
livestock grazing and multiple use. Pyke's research
is supported by the Utah Agricultural Experiment
Station and the National Science Foundation.
KG
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DESERT CRUSTS:
Irreplaceable Veneer or Ecological Frosting?
L

ey may be an irreplaceable veneer that can be
quashed by a careless footstep, the sensitive skin of a
painfully fragile ecosystem.
Then again, they may be a bit of ecological
frosting. Some may even thrive on being tom up and
kicked around. They may not even do much to
anchor the soil.
Whatever their role, the thin crusts found on
millions of acres of desert and dry regions around
the globe are now the focus of a heated debate over
the fate of public lands and the treatment of desert
ecosystems. In spite of dire warnings that disturbing
this thin layer may precipitate an ecological
catastrophe, scientists know relatively little about
the functions and importance of these crusts.
The public's perception of crusts has been
molded by warnings, such as those at some national
parks in arid regions, concerning the damage that
careless visitors can inflict if they wander off
established paths. If shoes can wound crusts, it's no
44 UTAH SCIENCE

wonder that many people believe that the hooves of
cattle or the treads of recreational vehicles can
mutilate them, says USU range scientist Neil West,
who has studied crusts for more than 15 years.
The warnings may be wrong.
West, whose research has focused on the
pastiche of algae, fungi and bacteria that make up
microphytic crusts (those that consist of
microscopically small plants), says it's premature to
accord such a lofty status to these crusts.
(Thallophytic crusts are those made up of organisms
visible with the naked eye--mosses, lichens and
liverworts). He admires the diversity and tenacity of
these "diminutive and less conspicuous
microphytes." But no matter--there has been a lot of
"misinterpretation" about crusts, particularly when
they are used to gauge the "health" of an ecosystem.
"Even with 3,000 years of livestock grazing,
there are still plenty of crusts in the Middle East,"
West says.
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The microtopography of desert regions in the Great Basin is associated with dramatic differences in soil characteristics. In the
coppice (C), the elevated area formed from leaf litter and the windblown soil and sand trapped by the shrub, and in the
coppice bench (B), soil contains organic matter and infiltration rates are high. There is also very little difference between the
upper layer of soil (A 1) and the next layer (A2). Vesicles (indicated by circles in the soil profile) start to form in the microplain (M),
and silt platelets form under the upper layer of soil, both of which slow water infiltration. These characteristics are even more
pronounced in the playette (P), where infiltration rates are so slow that water often stands. Salts and other dissolved minerals are
often deposited when standing water evaporates. The vesicular layer in this region usually can't be penetrated by roots or the
coleoptiles of seedlings.
Based on Eckert, R.E. et al. (1978). Effects of surface soil morphology on improvement and management of some arid and semi-arid rangelands.
pp. 299-302. In Htder D.N. (Ed.) Proceedings First Int. Rangeland Congress. Soc. Range Manage., Denver. Colo.

Many semi-arid and arid regions around the
world also have another less conspicuous layer that
may have a vastly more important role than crusts
in preventing erosion. Indeed, crusts may be a
superfluous bit of frosting on this far more durable,
nonliving layer of material.
In dry regions with saline, silty soil, a layer
forms underneath crusts that's practically
indestructible. Known as a vesicular horizon, this
layer can be mashed and crumbled, but will form
again after it rains a few times. "We can literally
grind it up and it will return," says James
Dobrowolski, USU range scientist who has joined
with West in a study of microphytic crusts and
vesicular horizons.

Vesicular horizons are riddled with hundreds of
small pores per square foot, each of which is covered
with a siliconized surface that prevents water
infiltration. Via an unknown process, perhaps a
byproduct of gases formed during chemical
reactions, silicon-glazed pores coalesce and become
larger after each rainfall, thus increasing the area
that water can't penetrate. (Water slowly infiltrates
cracks that form in the horizons.)
Vesicular horizons appear to prevent roots from
spreading and seeds from germinating. Where
conditions favor their development, vesicular
horizons form everywhere except in the littercovered area underneath and surrounding vascular
SUMMER 1991 45

A vesicular horizon containing spherical
vesicles.
plants. (Vesicular horizons don't form on soils that
contain adequate amounts of organic matter.) And
although it has long been assumed that microphytic
crusts have limited erosion, these crusts may merely
be the icing on thicker, more durable vesicular
horizons that anchor the soil. However, it's also
possible that the microphytic crusts may shield the
vesicular horizon from erosion.
As matters now stand, crusts serve as unofficial
arbiters in a variety of environmental disputes, even
though their presence (or absence) is all that is
known for certain. This is not a desirable state of
affairs, from any standpoint, and something which
the USU researchers are attempting to rectify.
At several sites in the Capital Reef National
Park, the USU researchers are pummeling
microphytic crusts with simulated rain, sweeping
them with artificial winds and subjecting them to
various forms of grazing to determine their roles in
preventing erosion. Dobrowolski says they had to
look hard to find an area in which microphytic
crusts were not underlain with vesicular horizons.
Additional studies will determine the effects of offroad vehicles and pesticides. "Microphytes lack
cuticles and root systems, so if a pollutant falls on
them, it will be diffused through the entire
organism," West says.
Laboratory studies will determine how pores are
formed and the influence of saline and alkaline
conditions. "We noticed that vesicular horizons are
more pronounced and harder when soil sodium
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levels are very high," Dobrowloski says, although
researchers in Israel report that calcium carbonate
favors the formation of horizons. Dobrowolski has
also observed that horizons seem to become more
durable after they have been intensively trampled
by livestock.
Because microphytic crusts are very abundant in
relict areas (areas undisturbed by humans or
livestock), it has been widely assumed that their
presence indicates that land is in pristine--and
somehow "better"--condition. "It's precipitous for
agencies to prevent grazing because livestock
supposedly destroy crusts. Native ungulates may
have had an impact on relict areas in the past. And
we don't know whether these crusts are an
ecological curiosity or an important part of the
ecosystem," West says.
West says there's conflicting evidence about
nearly every putative role assigned to microphytic
crusts: Although it's known that they can fix
nitrogen under laboratory conditions, it's not known
whether this nitrogen is available to plants or enters
the atmosphere via denitrification or volatilization.
Their sponge-like surface supposedly enhances
water absorption, but crusts could accelerate
evaporation by keeping water on the surface during
light rains. And it's not known whether the crusts
help or hinder the establishment of vascular plants.
In a recent review of research concerning
microphytic soil crusts, West noted that "it has been
intuitively appealing to assume that soil surface
microphytes have an important role in slowing both
wind and water erosion," but notes that "none of
these contentions is supported by evidence from
well-designed experiments."
It's intuitively appealing to assume that crusts
have a major ecological role. That may not be a good
reason to make everyone tread lightly, however.
KG
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TUSSOCKS:

Which Grow Better?
I

e reclamation of disturbed sites usually
involves attempts to shield scarred areas with a
protective cover of vegetation. A mixture of seeds
often includes tussock-forming (bunch) grasses and
those that spread via rhizomes;
both types are scattered in the
hope that one will spread if the
other doesn't.
But there's relatively little
information about the proper
density or the proportions of
each type of seed to sow. (The
proportion of each type of grass
usually depends on the price
and availability of seeds rather
than performance.) Many of the
studies comparing bunch-type
and rhizomatous grasses
involved distantly related
species, which meant that
factors other than just the type
of growth influenced the
results.
Tom Jones, plant geneticist
with the USDA Agricultural
Research Service, recently
identified two subspecies of thickspike wheatgrass,
one that spreads via rhizomes and one that forms
tussocks. Range scientist David Pyke and graduate
student L. David Humphrey are comparing these
two wheatgrasses to determine if one form spreads
more rapidly and how density affects the growth of
each type.
"At low densities, it appears that the
rhizomatous form does quite well--high production

and a rapid spread. At higher densities, however, it
doesn't spread as well and is less able to capture
additional space," Pyke says.
Another factor is how these grasses search for
and exploit nutrients, which are
often found in isolated patches in
the soil. Some researchers believe
that rhizomatous grasses have an
advantage, but tussock-forming
grasses may be equally effective in
acquiring nutrients if they send out
roots and sample the environment.
The different types of grasses
may also differ in how they utilize
nutrients. For example, when
nutrients are abundant, it's not
known whether a rhizomatous
plant allocates nutrients to form
rhizomes and produce additional
plantlets, or uses nutrients to
nourish the parent plant. Another
factor affecting reclamation is
whether plants have the ability to
"average" the environment and
transfer nutrients from a portion of
the plant growing in less fertile soil.
The findings will make sure we reap what we
sow--in this case, a protective cover of vegetation.
"Until we know whether one form does better than
another, we may be wasting a lot of money," Pyke
says.

Seed mixtures for

disturbed sites now

contain both bunch
and rhizomatous

grasses, not because

it's necessarily the best

combination but to

compensate for what

we don't know.

KG
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Like Us, Plants Will Notice

OZONE DEPLETION

5

cientists have finally noticed that there's less
ozone in the atmosphere. Will plants?
Some apparently will, others won't.
Unfortunately, it's still extremely difficult to predict
whether thistles or corn will gain the upper hand as
a result. Maybe our spinach will taste different, or
perhaps dead leaves won't rot as quickly. Perhaps
plants will be riddled with bizarre mutations.
A reduction in ozone will allow more short
wave solar ultraviolet (UV-8) radiation to reach the
earth's surface. Ecologist Martyn Caldwell, who has
studied the effects of this radiation on plants for 25
years, says the changes will "probably be more
subtle than drastic. There are likely to be alterations
in thousands of compounds that plants produce. The
earth probably won't be scorched, but the changes
are certainly likely to be noticeable.
"It is disturbing that we have loaded the
atmosphere with compounds whose effects will
require centuries to reverse," he says.
Caldwell recently reviewed what scientists
know about the effects of UV-B radiation. So far,
only a few of the possible effects (and only in a few
species of plants) have been studied. There's more
interest in clarifying what will happen because
recent estimates indicate that the ozone layer over
the United States is disappearing twice as fast as
previously predicted. Ozone losses are now
estimated to be as high as 8 percent per decade.
Ozone makes up only a tiny fraction of the
potpourri of atmospheric gases (much less than 1
percent of the gases), and even the additional
ultraviolet radiation is only a twinkle in a blaze of
light. Compared to the amount of total solar
ultraviolet radiation, any increase in UV-B radiation
will be "trivial," Caldwell says.
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Trivial, but important. Plants are extremely
sensitive to any additional UV-B radiation that
reaches the earth's surface. Some experts estimate
that a 16 percent reduction in ozone will increase
UV-B radiation in the Midwest to levels
characteristic of locations at a latitude 20 degrees
further south.
If the additional radiation alters the competitive
balan.ce between plants, changes might be less
apparent in plant monocultures than in the mixture
of plants growing in a particular area. It isn't known
which plants will benefit, however. When Caldwell
studied mixtures of wild oats and wheat, boosting
the UV-B radiation seemed to favor wheat.
Caldwell says it's difficult to determine how an
individual plant, much less an entire ecosystem, will
react. Some species, and even varieties, are more
sensitive than others. Sensitivity also depends on the
climate, the temperature and other environmental
conditions. Stage of plant development may be
important.
Plants grown in the field seem to be less
sensitive than those grown under controlled
conditions, perhaps because coddled plants don't
seem to develop their protective mechanisms as
much. Native plants from low latitudes seem to be
more resistant to UV-B radiation, as do plants grown
under high levels of longer-wave radiation, factors
which make it even more difficult to pinpoint the
effects of UV-B radiation.
The radiation is likely to affect a broad array of
plant compounds, only a few of which have been
studied. One that may be important is the shikimic
acid pathway, which regulates growth, the
expression of genes, and the food value of
agricultural plants, especially leafy vegetables. If
additional UV-B radiation alters this pathway, it

could change a plant's chemical defenses against
grazing and disease organisms, as well as its ability
to compete with other plants.
Levels of lignin and phenolics, chemicals that
affect nitrification and th decomposition of dead
plant material, might be affected, which could
exacerbate the "greenhouse effect" associated with
increases in levels of carbon dioxide.
Higher levels of UV-B radiation curbs
photosynthesis in plants raised in a lab or
greenhouse, but few studies have examined the
effect on plants in the field over an entire growing

season. In
one such
study
involving
soybeans,
a 25 percent increase in UV-B radiation decreased
photosynthesis and seed yield by 25 percent.
Mutation rates increase when DNA absorbs
ultraviolet radiation, and an additional dose of the
light may overwhelm plants' ability to repair the
damage. UV-induced DNA damage also appears to
reduce plant growth.

CH
Cl .

~ HCI

ra in

SUMMER 1991 49

Even if plants shrug off some of the most
deleterious effects associated with additional
ultraviolet light, they are likely to be affected in
some manner. So, it appears, will agriculture.
"There's a good chance we can breed resistant
crop varieties, which could ameliorate the effects for

agriculture. It would be far better to halt destruction
of the ozone layer than to passively accept its
destruction and try to correct the damage
afterwards," Caldwell says.
KG

Martyn Caldwell 750-2557

Grazing May Be Unfairly Blamed for
Changes in

PRISTINE AREAS

R

angeJands undisturbed by humans and
livestock supposedly attain an ecological stability
unmarred by invaders such as weeds.
Based on that assumption, land managers often
compare vegetation on relict (undisturbed)
rangelands and similar rangelands grazed by
livestock. Any differences are apparently caused by
grazing.
"The comparisons are based on a very simplistic
notion of plant succession in which it is assumed
that vegetation on different sites in the same region
will converge once disturbances are removed," says
USU range scientist Neil West. However, it appears
that relict areas may be prone to shifts in vegetation
in the absence of livestock or other visible
disturbances.
Several decades ago, researchers inventoried the
vegetation on isolated kipukas, areas surrounded by
rough, recently deposited lava, in southeast Idaho
that had never been grazed by livestock. These
inventories have since been used to assess the effects
of grazing on rangelands in the region.
In recent years, however, researchers noticed
that European species of weeds were invading some
of these relict areas, a puzzling development
because weeds usually acquire a foothold only after
a site has been disturbed in some manner.

West is trying to determine what changes
underlie the weedy invasion. One possible culprit is
a subtle shift in climate. If the vegetation in relict
areas is changing, "we may need to use new
'benchmark' areas to determine the effects of
grazing, perhaps areas with a moderate history of
grazing. Relict areas may not be self-sustaining, even
if they have not been grazed," West says
Many critics of livestock grazing on public
rangelands assume that rangelands would revert to
a pristine condition if livestock were removed. Any
changes in relict areas would provide evidence
against this hypothesis, West says.
West will study the vegetation on the relict areas
in south central Idaho for three years employing
new technologies such as remote sensing and
infrared imagery, techniques which may be useful in
monitoring the condition of rangeland at other sites.
He also will inventory microphytic crusts, which
were overlooked in the original studies. Results
should pinpoint the source and pace of change as
well as serve as a benchmark for subsequent studies.
Perhaps humans, through imperceptible climatic
changes induced by their activities, are culpable for
some of the alterations to rangelands that have been
attributed to livestock.
KG
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Underground Events
May Be Root of

o

GRASS BEHAVIOR

n desert rangelands, subterranean swiftness
explains why some plants dawdle and others snare
precious moisture and nutrients. The nocturnal
behavior of some deep-rooted plants also seems to
affect how they behave during the day.
For years, researchers have tried to determine
why crested wheatgrass grows better than
bluebunch wheatgrass, even though both tussock
grasses look remarkably alike, at least abovegound.
Many of the important differences were
underground.
When ecologist Martyn Caldwell enriched soil
with nutrients, it only took a day for crested
wheatgrass plants to grow more roots. The sluggish
roots of bluebunch wheatgrass didn't proliferate for
at least two weeks.
Sagebrush roots also multiplied within a day
after nutrients were added, but not as rapidly or as
consistently as the roots of crested wheatgrass.
Similar trends characterized the pursuit of
water--crested wheatgrass extracted water from soil
more rapidly than bluebunch wheatgrass. One
manifestation of crested wheatgrass's superior

nocturnal actions allow it to survive, and may help
competing plants. Caldwell says water absorbed by
the deep roots of sagebrush and deep-rooted grasses
during the night is transported to the surface and
released in the upper layers of soil where these
plants--and neighboring plants--utilize it during the
day. The phenomenon, called hydraulic lift, appears
to be a significant factor in the ecology of arid
regions, as does parasitism of water by other plants.
"The water provided by hydraulic lift may keep
fine roots in the upper layer of soil alive so they can
utilize rainfall. It also facilitates nutrient uptake in
the upper layer of soil where most nutrients are
found," Caldwell says.
USU researchers have also characterized
tillering (production of new shoots) in the two types
of grass. After mid-May, both grasses are susceptible
to damage by grazing, which removes growing
points and interrupts plant development. However,
because bluebunch wheatgrass is more likely to be
damaged, it should be grazed before crested
wheatgrass, reversing the order in which grazing
has normally been allowed, which was based on the
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The data in the previous model were coded
into three elevation patches. Areas above
10,000 feet incorrectly classified as aspen were
reclassified to mountain meadow. Areas
incorrectly classified as clearcut above the tree
line (10,600 feet) were reclassified as meadow/
rock.

The final classification.

A three dimensional perspective view of the north slope of the Uintahs showing Kings
Peak and Gunsight Pass. The perspective was created by combining the final
classification and the digital elevation model.
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transforming data, which can be a numbing and
formidable chore.
One GIS concerns the effects of fires that
ravaged Yellowstone National Park during 1988.
Managers with the Park Service and the U.S. Forest
Service spent years and thousands of dollars
mapping bear habitat over the Yellowstone
ecosystem, only to have fires make most of the maps
obsolete. A GIS will let managers predict how the
fires will affect bear habitat.
Much of the information required for this GIS is
already available: digitized maps of pre-fire habitat,
maps based on Landsat satellite images that show
fire intensity and bum damage, and an outline of the
bear habitat districts.
Ramsey is merging these maps, and it's proving
to be a bear of a problem. The maps don't fit, often
because they were drawn on different scales or from
different projections. Until the perspectives mesh,
there will be embarrassingly huge gaps when they
are superimposed. "We might have a gap of 100
meters between quadrangles, a black hole, a noman's land," Ramsey says. Correcting these types of
problems can siphon about 95 percent of the time
and about 90 percent of the budget required to
create a GIS, he says, and can involve tinkering with
images on a computer screen for hours on end.
Similar problems are associated with satellite
remote-sensing data, which are often used in a GIS.
Part of the problem is that a typical image from a
Landsat satellite contains too much information-more than 290 million values in seven bands, and
255 spectral classes per band, which means there are
billions of possible class combinations, not enough
to tax a computer but far too many for a human to
comprehend. (Each image from a Landsat satellite
costs about $4,000, a bargain considering that it
encompasses about 13,000 square miles. It would
cost about $100,000 to photograph a similar area
from low-flying aircraft.)

Ramsey usually tries to use no more than 50
types of spectral classes. He consolidates types of
classes, a "data reduction process" involving the
clustering of similar "signatures" (spectral class
combinations), each of which is assigned a value and
a color. The accuracy of classifications is confirmed
during site visits.
"A major problem with automated classification
of remote sensing data is that computers do not
recognize the land cover the same way as humans
do. If one land cover type looks the same as another
type, then the computer identifies them as the
same," Ramsey says.
Ramsey can correct the satellite's vision. For
example, a certain range of colors on the Landsat
image may be associated with both clear cut areas
and alpine meadows. To distinguish between these
areas, he overlays the Landsat image over a
topographic map and assigns a different value to
areas above a certain elevation where alpine
meadows--but not clearcuts--occur. Similar
problems can muddy the distinction between
shadowed mountains slopes and lakes, which have
similar signatures. He corrects this problem by
overlaying the image with a map showing the slope
of the area. (Obviously, there are no lakes on slopes.)
Once Landsat pixels have been winnowed into
categories of vegetation types, the metamorphosis of
data into information is nearly complete. It often
takes only a glance to evaluate some relationships
that were buried in reports or clouded by
superfluous information
The largest project to date involves the mapping
of types of plant communities and wildlife habitat in
Nevada and Utah for the U.S. Fish and Wildlife
Service
Tom Edwards, research biologist with the U.S.
Fish and Wildlife Service, says the GIS will show the
habitat requirements of more than 640 terrestrial
vertebrates, including 26 species listed as threatened
(Continued on page 84)
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Complexity,
Human Expectations Alter

FISHERIES AND
WILDLIFE RESEARCH

B iOlOgy

still dicta tes the actions of fish and

wildlife, but it no longer has as tight a grip on the
researchers who study them.
Researchers still tromp through woods and
wade through streams as they try to satisfy an
insatiable appetite for biological insights.
Increasingly, however, the subject matter of their
studies is influenced by public attitudes and
expectations about natural resource management,
says Raymond Dueser, head of USU's Fisheries and
Wildlife Department.
"The management of natural resources is first
and foremost a people-management problem, one
driven by public attitudes and expectations," Dueser
says. Public attitudes toward natural resource
management have undergone several noticeable
shifts over the years. Traditional management
concerned itself with harvestable surpluses of fish
and game. About 25 years ago, the nonconsumptive
aspects of fish and game became ascendant, as
manifested by the passage of the first Endangered
Species Act in 1970. Recently, the public has become
concerned with biodiversity and the "amenity value"
of entire landscapes.
Each shift in emphasis has expanded the scope
and complexity of natural resource management,
although none of the previous concerns have been
jettisoned as new responsibilities have been added.
As Dueser noted in a recent report, there is
"declining consumer interest in traditional pursuits
(particularly hunting), dramatically increasing
interest in 'non-consumptive' uses such as nature
study and recreation, and impressive growth of

general awareness about global environmental
issues such as potential greenhouse effects, acid
precipitation, tropical deforestation and
overexploitation of marine resources. "
Managers won't neglect the legitimate demands
and expectations- of hunters and fishermen, but these
people represent a declining fraction of the
Am rican public, he says.
"And management today no longer necessarily
means active management. There's a continuum in
management, from the intensive management of
trout in a small lake to 'hand off' management of
wilderness areas, depending on public
expectations," he says.
As urban and suburban areas continue to
encroach on wildlife habitat, human-wildlife
interactions will increa e, and so will intere t in
efforts to resolve any conflicts. Dueser says the
recent creation of the program dealing with the
management of problem/nuisance wildlife indicates
that USU will have a leading role in this discipline
(see related article on page 66 in this issue).
Even though many Americans are becoming
more protective toward wildlife, their views are
likely to be tempered by conflicts with shrubnibbling deer and other species. This could increase
support for equitable solutions to the damage that
wildlife inflict on agriculture. "Wildlife has real
value to the agricultural community, but farmers
understandably don't want to shoulder all costs for a
benefit enjoyed by all society," Dueser says.
KG
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5
HEALTHY FISH-Barometer of a

Healthy
Environment
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ki Utah. A pretty good slogan.
Fish Utah. Another pretty good slogan, even if it
doesn't appear on license plates.
The snow that blankets our mountains also
replenishes the state's rivers, lakes, streams and
res rvoirs, which harbor some of the best fishing in
the world.
Fishing has as much economic clout as many
other water-dependent endeavors in the state. In
addition, the factors that nurture healthy fisheries
also nourish a quality of life that tourists relish and
residents cherish, says John Bissonette, leader of the
Utah Cooperative Fish and Wildlife Research Unit
and professor with the USU Fisheries and Wildlife
Department. Fishing in this highly urbanized, arid
state is at least as popular-about 30 percent of
Utahns at least 16 years of age are anglers-as in the
rest of the country.
"If we are going to allocate water strictly on the
basis of economic values, we need to realize

that fishing in Utah generates more than $156
million annually, according to a 1985 study. As
important as economic factors are in governing the
use of water, so are the values related to the quality
of fisheries and the quality of life, even if the e
values are often more difficult to measure," he adds.
In other words, healthy fish may be a barometer
of a healthy environment.
Nonetheless, demand for water has meant that
orne tream and river are nearly wrung dry at
tim s. Pollution threatens water quality. And the

destruction of riparian areas augurs ill for fisheries.
These and other issues are being studied by
researchers with the Unit, which is a cooperative
venture between USU, the U.S. Fish and Wildlife
Service, the Utah Division of Wildlife Resources, and
the Wildlife Management Institute, a private
resource management organization based in
Washington, D.C.
Many of the major fisheries in Utah rely on
water relea d from re ervoirs, so the fate of fish is
often inseparable from the laws governing water
allocation. Moreover, becau e relatively f w fish
reproduce naturally in tr ams and river ,
populations of introduced sp cie must b
replenished, often more than once annually. Fish not
only must find anctuary when we throttle the flow
of water, but are buffeted by the th dramatic
changes in the volume and p d of water that
accompany hydroelectric power generation. Both
introduced sport sp cie and native pecies are
usceptible to alterations in natural flow.
On the Colorado River, the and other
problems have seriously threatened the endemic
pecie uch a the C lorado squawfish. Many of the
50-odd speci found in the river, about 20 percent
of which are native, are also threat ned, which has
spurred re earch by the U.s. Fish and Wildlife
Service. Bissonette ays the increased demand for
water in the northern and southern basins of the
Colorad River means that these are likely to be
lingering concerns in Utah.
In spite of humans' heavy hand in the affairs of
fish, "fishing remains pretty decent in most areas,"
Bissonette says. To keep it that way, researchers
with the Unit are addressing everal fish-related
problems in Utah.
For example, they've found that some stocking
practices are literally for the birds.
When fisheries biologist Tim Modde studied
why only about 5 percent of the 100,000-150,000
fingerlings stocked in a l,OOO-acre reservoir near
Minersville survived, he found that birds such as
cormorants,loons, and western grebes had eaten up
to 30 percent of the fingerlings within 14 days after
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stocking, basically eliminating all of the springreleased fingerlings within a few months.
Cormorants snared about 40,000 adult rainbow and
cutthroat trout, more than anglers harvested all year.
Much of the predation occurred during spring bird
migration, so stocking larger fish later in the
summer should reduce avian predation to
manageable proportions. (Cormorants, loons and
grebes are protected by the U.S. migratory bird
laws.)
Attrition of another sort decimated fingerlings
released in the Rockport Reservoir on the Weber
River, where fewer than 4,000 of the 100,000
fingerlings released in the spring and 100,000
fingerlings released in September survived until
December.
Predation by birds and fish was initially pegged
as the primary culprit. Perhaps, researchers thought,
a few fingerlings darted through the dam in water
released through the hydroelectric plant. Modde
was startled to learn that most of the fingerlings
escaped through the turbines--within 20 hours after
their release, 98,000 of the fingerlings had begun to
move downstream. "We had thought that fish
couldn't survive if they passed through the turbines,
but they do," Modde says.
Modde is also working with the Utah Division
of Wildlife Resources to save the June sucker, an
endangered species found only in Utah Lake. When
fewer than 40 spawned, he started raising them in
captivity, where more than 4,000 now flourish. "The
fish in Utah Lake that are currently spawning are
close to 30 years old," Modde says. The continued
survival of the species--it's estimated that fewer than
500 remain in the lake--depends on increasing the
survival rate of fry.
The gizzard shad may be an alternate prey
species, thus shielding the fry of June suckers from
predation. Before increasing the number of gizzard
shad, however, Modde is determining whether the
two species compete for food. If gizzard shad
compete with older June suckers, any boost to fry
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survival might be only temporary.
Bear Lake, a pristine lake that straddles the
Idaho-Utah border, has been stocked with larger
cutthroat trout. Anglers, 90,000 annually, are also
lured to the lake by an increase in the number of
lake trout. However, these favorable piscatorial
developments have also spawned concern that
predation accompanying an increase in these species
might seriously reduce the number of forage fish,
perhaps enough to threaten two species found only
in Bear Lake, the Bonneville cisco and the Bear Lake
sculpin.
So far, it hasn't, according to Chris Luecke,
fisheries biologist with the USU Fisheries and
Wildlife Department, who used a hydroacoustics
system to determine the number of Bonneville cisco
(sound waves reflect off their air bladders) and used
trawls to determine the number of Bear Lake sculpin
(sculpin, a bottom feeding fish, lack sound-wavereflecting swim bladders). "There's apparently not
been any large change in the abundance of these
species during the last 2 years, although we
estimated that there were about 15 percent fewer

ciscos in 1990 than in 1989," Luecke says. The survey
will continue for 6 years to fully assess the stability
of the populations.
Luecke also studied predator-prey relationships
at the Flaming Gorge reservoir, prompted in part by
a decline in the size of lake trout snagged by anglers.
The decline could reflect overfishing or a decline in
the number of Utah chub, a primary prey species.
Luecke used population models to determine how
changes in fishing regulations would affect the trout
population. He found that the "slot limit" regulation,
which would require the release of all fish between
24 and 36 inches, would reduce the total yield but
would triple the number of trophy fish. The
allowable harvest would also control the number of
lake trout to avoid depleting forage species.
Luecke identified the tradeoffs associated with
different fishing regulations, but it was up to the
regulatory agencies to decide which should be
codified in fishing regulations, a process that
involves political as well as biological factors.

USU
Program Helps
Manage

FORESTS FOR FISH

Other researchers with the Unit are delving into
a variety of fishing topics, including the gastric
evacuation rates of fish (useful in determining the
mortality rates of fingerling trout), parasites that
affect Bear Lake fish, models that indicate how
factors such as water temperature and fish-eating
birds affect the growth and survival of stocked
rainbow trout in Utah reservoirs, the effects of
drought on fishes in the upper Colorado River
Basin, and the habitat preferences of the bonytail
chub, the rarest endemic fish species in the Upper
Colorado River Basin, information that will be
useful if the species is reintroduced.
Its mission statement notes that the Unit's
primary motivation is to "solve pressing resource
problems," and "to do good science."
Good science, good fishing. Nothing fishy about
that.
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th 128,000 miles of fishable streams and 2.2
million acres of lakes and reservoirs, our national
forests are important fish habitat.
USU plays a vital role in managing these
aquatic resources, according to Jeff Kershner, leader
of the Fish Habitat Relationships Group, a
cooperative program of the U.S. Forest Service and
the USU Fisheries and Wildlife Department.
Fish require good habitat to thrive, and field
biologists require accurate information to maintain
and create these habitats. The program provides this
information through research, publications and
workshops.
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One study involves the Bear Lake cutthroat
trout, a unique population of the Bonneville
cutthroat trout once found throughout the Great
Basin. Lou Jacobson is studying the St. Charles

MILLIONS FLOCK
to Eat, Rest At Great Salt
Lake
It's not a major attraction on the human vacation
circuit, but Great Salt Lake ranks as one of the prime
destinations for many migrating birds, including
snowy plovers, avocets, black neck swans and
sandpipers..
About 3 million nongame shore birds use Great
Salt Lake as a staging or breeding area, says Tom
Edwards, research biologist with the U.S. Fish and
Wildlife Service, who is determining which habitats
are favored by the various species of birds. It gets
pretty busy at times-more than 600,000 phalaropes
(small shorebirds) passed through the area during
one week last year. The findings will help guide
development along the lake, particularly in
determining how to mitigate the effects of
development on wetlands.
''The lake is the only major staging area in the
Intermountain West. Birds utilize the entire
periphery of the lake, but many tend to utilize the
east shore where fresh water enters the lake,"
Edwards says.
The lake is a major "refueling" stop for migrating
birds, some of whom migrate from the Arctic to
South America. Favored avian fare include brine
shrimp and brine flies.
The 5-year study involves monitoring birds at
eight sites at weekly intervals.
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watershed, a major spawning area for the trout, to
determine how trout are affected by factors such as
roads, grazing, recreational use, changes in habitat,
availability of food (largely aquatic insects) and
geological factors.
Another study of the creek concerns why
cutthroat trout seldom spawn in the upper twothirds of the creek, which offers more favorable
habitat than their usual spawning area in the lower
creek. Researchers will transfer and track trout to
determine what attributes of the upper stream
attract (or deter) fish.
The group also studies how logging practices
affect streams. Streams in the Uintah Mountains are
slowly recovering from logging practices common
60 or 70 years ago. One of the most destructive was
"tie driving": Dams were constructed, filled with
logs and water and then blown up so rushing water
would carry logs downstream to mills. The
floodwaters scoured most of the productive fish
habitat from stream beds and banks, many of which
are still unproductive.
"Some streams in the Uintah Mountains that
were subjected to tie-driving have long stretches of
riffles and offer little pool habitat. These streams
probably contain fewer than five adult fish per mile.
A similar productive habitat could contain hundreds
of fish per mile," Kershner says.
"Good habitat for fish contains a mixture of
different types of habitats, and is not all fast-moving
water (riffles) or slow-moving water (pools),"
Kershner says. Graduate student Bob Black is
comparing logged and unlogged stream channels in
the Uintah Mountains to determine how to improve
stream habitat, perhaps by introducing woody
debris to provide food and cover, and to provide a
haven during heavy stream flows.
Graduate student Shanda Fallau is evaluating
changes in fish habitat during the spring snowmelt
in Beaver Creek in Logan Canyon. Most studies of
fish habitat are conducted during the summer or fall
when low water levels make observation easier, but
habitat may affect how fish respond to high water

(please turn to page 65)
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rain precipitate an increase in the
number of gras hoppers?
USU entomologist Edward Evans is trying to
find out. In the Midwest, gra shopper
populations increase during hot, dry years
because fewer of the parasites and path gens,
fungi and bacteria that kill gra shopper survive.
In Utah, however, the relationship between
rain and gra hopper survival may differ, in part
because food is less plentiful than in the
Midwe t. Evans suspects that Utah'
grasshopper population booms during warm
spring and during tho e summers wh n rainfall
i more abundant.
"Gra shopper live more on the edge here.
We d n't have a large a food upplyand
drought further reduces it," Evans says. But
ther are other factors to con id r, including the
fact that "plants often re pond to a drought by
breaking down proteins into free amino acids
which are more easily assimilated by the
grasshoppers. "
Gras hoppers are no trifling threat.
ct
Researchers a t the USDA Rangeland
aboratory at Bozeman, Montana, timate that
gra shopp rs consume r damage 21 to 23
perc nt of available rangeland forage annually.
Re earcher are also d t rmining how many
gras hopper lurk in plots of Con rvati n
Reserve Program acreage in northwe t Cache
Valley, which often contains ample alfalfa and
cre ted wheatgra , and then migrate t
agricultural lands. Last summer, Evans ays
DeS

most of the grasshoppers that heavily infested
some alfalfa fields disappeared during August.
Of the several hundred species of
grasshoppers in Utah, about a dozen species
reach high numbers. Fewer species pose
problems for agriculture.
Grasshoppers are now kept at bay by
spraying large areas of rangelands, which kills
other insects and can endanger rare plant species
by killing their pollina tors. Evan , bee biologi t
Vincent Tepedino, and entomologist Diane
Alston are tudying how gra shopper control
aft cts pollinator. Researchers ar also studying
gras hoppe ' role in food webs, nutrient
cycling and their effects on the composition of
plant communities.
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Studies Examine
Reasons for Increase

FOOD STORAGE:
If You Don't Like to Eat it Now,
You Probably Won't Want to Eat It Later
Gray lime Jell-O, an assortment f darkened,
indistinguishable dehydrated fruits, honey that
looks like the color of used motor oil, burnt
si nna-tint d dehydrated potat flakes and
rancid wheat.
Hardly an appealing menu, but some Utahns
presumably plan to dine on such fare. Del y
Hendricks and his colleagues have found fo d of
this ilk stored in pantries, basements and garag
around the state.
Many factors contribute to the p or quality
of home-stored food, including improper
processing, high storage temperature and
inadequate containers. Hendrick ays mo t f
these problems are easily avoided.
"The biggest problem is that not enough
people rota te their food torage," Hendricks
says. "The next bigge t problem i they buy and
store a lot of things they don't normally use and
don't check the quality of the foods they
purchase."
For example, one man complained that
several5-gallon containers of honey had "gone
moldy." Honey is likely to crystalize, not mold.
The honey in question was nearly black and had
a very strong flavor, unlike the very light, clover
honey many people normally use. In this case,
the honey was stored without thoroughly
checking its quality.
Hendricks plans to study the quality of
stored grains. One problem is that people often
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purcha wheat with many broken, inf rior
kernel.
"When you get a lot of broken k rn 1 ,th oil
is exposed to the germ and the wheat turn
rancid/' Hendrick say . "Peopl may buy dried
c m and find it wa old and tough b fore it wa
dehydrat d and i better for grinding than for
rehydrating in a oup."
Before buying fo d for storage, consumers
should look at and ample th product, or at
least buy the smallest possible amount.
Some ha e tor d fo d for everal years.
Hendrick ha found items that were stash d
away during World War ll.
"People tend to put food away and th n
forget about it," H ndrick ay. "But even dry,
low fat, skim milk contains some lipid which
will oxidiz and ventually give the milk a
rancid taste."
Many Utah families continue to culti ate
gardens and hom -grown f d, but the practice
is not a comm n as it once wa . This may
partially explain the practice f buying large
quantities of food that isn't normally eat n. This
food is then stored in the belief that it will keep
indefinitely.
It won't.
LH
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State Names

DAIRY CENTER
OF EXCELLENCE
atUSU
We may not be milking cows for all they're
worth.
Milk could be a valuable source of
pharmaceutical ,cosm tics, food additives and
other high-value products, say dairy scientists
with Utah State University. New filtering
techniques that will separate milk into various
components may transform it into a "white
petroleum," triggering a revolution in dairy
proce sing much as the discovery of plastics
transf rmed the p troleum industry.
The value of new milk-based products could
spur the development of new firm and brighten
the dismal economic outlook for the dairy
industry, which is currently saddled with
overproduction, lower prices, and stagnant
demand, say USU dairy scientists.
The State of Utah agrees, and has given USU
$650,000 to create a Center for Dairy Fo ds
Technology under its Center of Excellence
program. The funds, which will be allocated
over a 4-year period, will support research
concerning new methods of fractionating milk
and other innovative processing techniques,
including ultra-high temperature processing to
create dairy products that do not require
refrigera tion.
Paul Savello, director of the new Center, says
scientists in Europe and the Soviet Union have
already extracted peptides fr m .m ilk that show
promise as sleeping aids and that spur insulin

production. U.S. medical scientists have isolated
immunoglobulins that prevent the diarrhea that
afflicts nearly half of those who travel abroad.
Unlike other anti-diarrhea products, the milk
proteins have no adverse side effects.
Thousands of peptides can be derived from
the proteins found in milk, depending on
fractionation techniques and the types of
enzymes used to split protein molecules. Savello
cites the serendipitous discovery of the
sweetener aspartame, which is a peptide
composed of two amino acids, as an example of
the types of possible products that can be
derived from milk.
"Who knows the possibilities?
Pharmaceutical companies are always searching
for peptides with human biological activity. Milk
is a fairly inexpensive and renewable source of
pep tides, proteins, immunoglobulins and other
substances. It could be a new source for
innumerable value-added products," Savello
says.
Funding under the Center of Excellence
program is based on technical innovation,
potential economic benefits to the state and the
ability to derive additional support from other
sources. Savello says the USU Nutrition and
Food Sciences Department has "an excellent
track record" in dairy research and has
developed several innovative milk-processing
and ch.e ese-making techniques. It's also one of
the few institutions studying how membranes,
including new types made of ceramics and
minerals, can be used to fractionate milk.
Some types of membranes are widely used
in processing whey. However, it has not been
economically feasible to utilize many of the new
filtration techniques to process conventional
dairy products.
Several large dairy processing firms located
in the state could also readily implement any
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technological breakthroughs achieved by the
research, Savello says. He also notes that food
processing in Utah accounts for a larger
proportion of economic activity than in many
other states.

RECENT GRANTS AND
CONTRACTS
Warren Foote, Animal, Dairy & Veterinary
Sciences Department, continues to study
methods that would allow the importation of
scrapie-free sheep and control of the disease. His
research is funded by Veterinary Services,
Animal and Plant Health Inspection Services,
USDA.
Bruce Bugbee, Plant, Soils & Biometeorology
Department, continues to study the maximum
yield of wheat and other small grains in
controlled environments. His research is funded
by the National Aeronautics and Space
Administration
The Department of Public Utilities, Salt Lake
City, funds soil and plant monitoring of sewage
sludge-amended land by Jerome Jurinak, Plant,
Soils & Biometeorology Department.
Conly Hansen, Nutrition & Food Sciences
Department, is studying the treatment of
hazardous wastes for the U.S. Environmental
Protection Agency and the bioconversion of
feedlot and dairy industry wastes for the Utah
Department of Agriculture.
Raghubir P. Sharma, Animal, Dairy &
Veterinary Sciences Department, is studying
anticancer retinoids and birth defects for the
National Institute of Child Health and Human
Development.
The National Dairy Promotion and Research
Board is supporting research concerning the iron
fortification of cheese by Arthur Mahoney,
Nutrition & Food Sciences Department.
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The new Center also complements other
research underway in the department, including
several studies funded by the National Dairy
Board and commercial firms.
KG
Paul Savello 750-2106

Daren Cornforth, Nutrition & Food Sciences
Department, is comparing various whey protein
concentrates as b~ding agents in cooked turkey
rolls for Calpro Ingredients.
Donald McMahon, Nutrition & Food Sciences
Department, is studying cheese made from
blends of soy and milk proteins. The research is
funded by Protein Technologies International.
The relationship of meat consumption patterns
to lifestyle factors and dietary quality Americans
at different life cycle stages is being studied by
Carol Windham, Nutrition & Food Sciences
Department. The research is supported by the
National Live Stock and Meat Board.
Mark Healy, Animal, Dairy & Veterinary
Sciences Department, is identifying and partially
characterizing Eimeria tenella (the protozoan
parasite that causes cecal coccidiosis of chickens)
gamont antigens. The work is funded by the
Pacific Egg and Poultry Scholarship and
Research Foundation.
V. Philip Rasmussen, Plants, Soils &
Biometeorology Department, is examining
options for reducing production inputs in cereals
and legumes under the auspices of the Low
Input Farming System Research and Education
Program of the USDA Cooperative State
Research Service. The Tennesse Valley Authority
funds his fertilizer tests and demonstrations.

NEW FACULTY
Charles C. Grier is head of the Department of
Forest Resources. He has been a professor in the
School of Forestry, Northern Arizona University.

flows. For example, in p or riparian habitats, fish
may be swept downstream because they are unable
to seek shelter in roots or under banks.
The unit also transfers new re earch information
to fisheries managers, and offer technical a si tance

and an extensive program of continuing ducation,
including shortcourses for 100-200 managers
annually, including cour es on the a sessment of
fi h habitat and monitoring techniques.
KG

Better Ways of Dealing
with

DISPLACED
PRAIRIE DOGS
T

ere may be better way to mo e Utah prairie
dogs out of harm' way.
Wildlife agencie now try to prot ct this
endangered sp cies by capturing animals on privat
land and r locating th m on public land. Only about
half th 500-700 prairi d g that are relocated
annually urvive the move, oft n b .c ause
n wcomer are 0 tracized from e tablished prairi
dog coloni s, say Tom Edward ,re earch biologi t
with the U.S. Fi h and Wildlife Service.
Utah prairie dog were usually reI ased in th
cor ar a f an existing c lony, a tactic which
pr cipitated fight betw n newcomer and
r sidents. Many of the newcomers were f rced t
I ave, a fate tantamount to death for the di placed
animals due to the increased ri k of predation.
Edwards and graduate tudent Stev Ackers
tudi dthe pr blem and recommend d
moving prairie d gs t vacant atellite
colonie surrounding cor colonie
that prairi dog us wh n the
population burg ons, and then
abandon.
Transplanting prairi dog to
sat Bite coloni.e facilitate the

Jeffrey Kershner 750-2500

newcomers' gradual integration into an existing
colony. It's also best to capture and release entire
families of prairie dogs to minimize ocial
di ruption experienced by the gregariou animals,
Edwards says.
The old practice of moving a few of the prairie
dogs int a core colony is "somewhat as if we
uddenly ended up in an unfamiliar country, with
no friends or family," Edwards says.
The burrows of prairie dogs are a nuisance in
agricultural fields. The Utah prairie dog' status as
an threatened species prohibits farmers from
ho ting or poisoning them, which means that
r location i the only way to rid fields of the critters.
It' e timated that only everal thou and Utah
prairi dogs remain.
KG

Tom Edward 750-2529

a .'

'-'....,J. YLJ.Y.LL..

.. -=--

- . --

1991 65 ··

A Program to Curb

WILDLIFE DAMAGE

SmOke~e

Bear. Bambi. Peter Cottontail.
These critters are so nice they don't even have
bad breath, much less bad manners.
Their real-life counterparts aren't ''bad'' but some
people are tired of picking up the tab for their
behavior. A new USU program is studying ways to
reduce the damage inflicted by bumbling,
marauding, foraging and just plain curious wildlife.
"Wildlife management has historically been
interested in game species, and hunters were the
main constituents. We're trying to broaden the focus
of wildlife management to include the interests of
landowners, farmers and ranchers as well as
hunters," says Michael Conover, head of the recently
formed Program in Problem Wildlife Management
at USU, the only program of its kind in the country.
"In most cases where there's a problem, we don't
dislike the animals but do dislike some of their
behavior."
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It's a distinction worth noting because the
results could placate both defenders of wildlife and
those desperately trying to protect their property or
livelihood.
The program, a cooperative venture between the
College of Natural Resources and the U.S.D.A., will
integrate "wildlife problem management with the
management of wildlife for their positive attributes,"
Conover says. Congress appropriated $1.41 million
to fund the program for six years.
There are plenty of problems to tackle, including
direct wildlife predation on humans, diseases (e.g.,
rabies, Lyme disease and brucellosis), collisions (e.g.,
car-deer and bird- airplane), predation on livestock,
nuisance problems (e.g., raccoons in garbage cans),
wildlife predation on other wildlife, including
threats to endangered species, and competition
between wildlife and livestock. Costs of wildlife
damage are difficult to tally, but probably total
several million dollars in Utah alone.

Conover says there are many nonlethal ways to
limit wildlife damage, but in some cases lethal
control is the only solution. One of the biggest
problems is simply a lack of accurate information on
the severity and nature of the problem, and on the
effectiveness of lethal and nonlethal control
techniques.
One of Conover's first tasks will be to assess
damage caused by sandhill cranes in Cache and Rich
counties, a contentious issue that pits farmers
against wildlife enthusiasts.
He will study the fields to identify
characteristics that attract cranes and determine if
it's possible to make fields less attractive to birds,
perhaps with scare tactics such as propane cannons
or attracting birds elsewhere with alternative foods.
(He employed chemical repellents, scare tactics such
as propane cannons, and trapping techniques to
help growers in Connecticut protect fruit from
birds.)
"In many cases, we can reduce conflicts between
wildlife and humans. We often simply lack data to
make informed decisions. For example, once we
know the extent of damage, society can manage a
species to maximize its value," Conover says.
Several of his studies at the Connecticut
Agricultural Experiment Station illustrate
approaches that he might use in his new job:
• He studied the effectiveness of several types of
deer repellents ranging from human hair collected in
barber shops to various chemicals, including
ammonium soaps, an extract of hot peppers, bone
tar oil, and a compound made from putrescent
whole egg solids. The best of these repellents
reduced deer damage by about one-half at a cost per
acre (not including labor) of $10 to $400. Repellents
weren't effective under heavy browsing, however.
And with high-value crops, Conover says it
probably makes more sense to rely on fences for
protection.
Conover studied the effectiveness of compounds
such as alkaloids that plants produce to deter
grazing. He also was able to predict the likelihood of

deer damage to nurseries, based on the terrain, and
the production of nati~e vegetation and mast
(acorns, nuts and fruits) the previous fall. The lower
the mast production, the more deer damage to
orchards and nurseries.
• He also found that farmers often
underestimated damage caused by waterfowl,
including losses when geese grazed rye planted as a
cover crop. His findings on the winter movements of
Canada geese helped convince the federal
government to allow Connecticut to hold a special
mid-winter goose hunt to reduce some of the goose
problems.
Problems aren't confined to rural areas. In some
cities, the noise, droppings and feathers from
nonmigratory flocks of geese that subsist on human
handouts and grass can be a major nuisance.
Conover found he could keep geese from some areas
by applying chemical repellents to grass and by
planting grasses and cover crops that they dislike.
Modifying the landscape also helped. Geese
preferred foraging sites that offered clear visibility
so they can spot predators and make their escape.
Planting hedges or bushes made sites less attractive
to urban geese.
• Animals can also be trained to avoid foods.
Wild and captive raccoons that ate eggs containing
compounds that made them nauseous subsequently
avoided eggs for as long as 4 weeks, ample time for
wild birds to incubate and hatch eggs.
Conover saysther~ are similarities between
many of problems he studied in Connecticut, a
highly urbanized area, and those that he confronts in
Utah, where most wildlife still reside in the wide
open spaces.
Some solutions will differ. Cantankerous geese
and rapacious raccoons reside in Connecticut and
Utah. The problems posed by pillaging bears or bullheaded moose have a distinctly Western flavor,
however.
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Ecologist Calls for a Strategic

PLAN TO MANAGE WILDLIFE

T

us, it's civilization. A more objective observer
might view some of our activities as elaborate
schemes to train wildlife to be nuisances.
For example, we have a mighty odd way of
keeping deer at bay. We locate subdivisions on
winter ranges and then plant tasty shrubs favored
by deer . We expect deer to seek
refuge in forests, but more
people venture into the farthest
reaches of the backcountry, often
with noisy machines. And we
create tranquil, predator-free,
forage-rich refuges in the middle
of suburbs and cites.
No wonder deer get the
wrong m ssage.
There are innumerable other
example of actions that
inadvertently encourage
troublesome behavior in wildlife,
ays Barrie Gilbert, USU
ecologist. It's a shame, because
wildlife behavior seems to be
fairly malleable. Many animals
would gladly ignore us--many
would even tolerate us--if we
gave them a chance. We often don't, except in
national parks.
It may be time to develop a strategic plan to
manage wildlife, one which might avoid many of
the irksome wildlife-human conflicts, by looking at
matters from an animal's perspective. Solutions may
be as simple as giving these creatures somewhere to
go and eat that is at least as inviting as our yards
and fields.

Civilization need not come to a standstill to
accommodate wildlife, nor do wildlife have to shed
their natural instincts to accommodate mankind.
Unfortunately, we act only when the deer are at our
window, the elk are in our fields, or a bear
rummages through our garbage cans. Even then we
eek only temporary palliatives
instead of long-term solutions.
"Our behavior often
predispose animals to act in a
certain way. By understanding
how behavior in animals
develops, we can often avoid
troublesome interactions,"
Gilbert says. Precious little
research has addressed the topic,
however.
Individual animals vary in
their tolerance of humans, which
should be considered in any plan
to keep wildlife where they're
wanted, as Gilbert found in a
study of grizzly bears at a
popular fishing site in Alaska.
When given an alternative, those
bears that preferred to avoid
humans snared salmon at sites farther from humans.
Other bears largely ignored humans, even when
people ventured within a few feet. Permitting these
animals to act on their preferences reduced the
likelihood of nasty encounters. (Of course, it also
helped that the bears had plenty of food and hadn't
leam.e d to view humans as a threat...or a source of
food.)
Ironically, Gilbert says we are creating wildlife
refuges in the middle of suburbs and cities and often
encourage deer to congregate there by either

No wonder wildlife are

confused. We often

drive them from their
natural surroundings

and then create

attractive wildlife

refuges in towns and

suburbs.
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eliminating other wintering sites or by making it
uncomfortable for them to stay elsewhere. Because
their winter ranges (largely bench areas favored for
housing) are so small in relation to the summer
range, deer have few places to go during severe
winters. Some find conditions in cites and suburbs
so hospitable that they stay year-round. One
explanation being evaluated is that visits may
imprint the behavior on fawns, who return even
during mild winters.
It might be better to actively discourage
recidivism, and perhaps provide alternative refuges,
than to wait until the situation becomes intolerable.
One alternative might involve occasionally feeding
deer at another location during mild winters, thus
encouraging them to head for these areas during
severe winters, Gilbert says. But there's a danger
that feeding could create a "subsidized" deer herd
dependent on handouts, which might discourage
deer dispersal when winter forage is adequate.
Those issues warrant further study, Gilbert says.
"A deer's choice of habitat may be much more
flexible if we manipulate the factors that determine
that behavior," Gilbert says. "Deer may not be
seeking food as much as they are avoiding
harassment, such as the noise from snow machines."
During the winter, the metabolism of deer and other
ungulates slows markedly to conserve energy, and
these animals enter a state of semi-starvation. As a
result, any unnecessary or prolonged activity can
severely deplete life-sustaining body reserves.
Deer damage can be severe in orchards, which
appear to deer as another tranquil haven, and state
wildlife agencies spend considerable time and effort
to stem the damage. Harassing deer so they move
elsewhere isn't a very effective tactic, particularly if
other growers are doing the same. "All you are
doing is transferring the cost to someone else,"
Gilbert says. After repeated use, scare tactics lose
their punch, unless they inflict increasing amounts
of pain, almost to the point of becoming lethal.
One alternative might involve allocating entire
canyons or other large areas for wildlife, particularly

as the increased utilization of the backcountry forces
deer, elk and other species to seek refuge elsewhere.
Hunters might initially object to the prohibition on
hunting in these secure areas, but not if it .m eans
more trophy-sized prey.
"The number of people in some backcountry
areas is so high during the various hunting seasons
that animals are always on the run. This is much like
keeping cattle on the run all the time. Animals need
a lot of quiet time to forage and rest. Reducing the
stress on elk and deer might mean healthier and
more productive ungulates," Gilbert says.
"Animals readily acclimate to people if we
provide secure areas," Gilbert says. As startled
hikers know, that's good if it encourages bears to
view us as a hairless curiosity rather than a threat or
a pre-hibernation snack. But acclimation has a down
side--just ask exasperated homeowners who have
seen deer rummage through flower beds or irate
farmers who have helplessly watched as elk pillage
hayfields.
Wildlife respond according to how we treat
them. Humans are supposed to do what makes
sense. Gilbert says management-oriented behavioral
research might make wildlife behavior much more
compatible with civilization.
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WATERSHEDS
Become More Important
as the West Gets Thirstier

L

ife, the pundits say, is more a journey than a
destination. Water is much the same--the life it
nurtures as it trickles, seeps and gushes is often
more important than where it finally ends up.
Researchers are examining water's real value
during its journey, not focusing exclusively on how
much water flows from a watershed (although
yields are important) but on its value to forests,
range and aqua tic ecosystems.
The drought that has parched many areas of the
West may be a prelude to more contentious battles
for water that will directly involve watersheds, says
Charles Hawkins, director of USU's Watershed
Science Unit, an interdisciplinary program
addressing the management and use of water within
drainage basins.
In the past, water was often viewed as a
commodity to be exported from watersheds.
Vegetation was stripped from streambanks and river
edges to increase water yields, actions that siphoned
moisture from entire ecosystems.
This narrow view of the value of watersheds is
changing, although the need to slake the thirst that
accompanies population and economic growth still
poses a challenge to watershed management.
Myriad other man-induced changes, ranging from
road construction and logging in forests to global
climate change, also threaten the amount and
quality of water within these basins.
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Society values lumber, rangeland, recreation,
and fisheries and wildlife provided by watersheds,
but, unfortunately, doesn't always link these
resources with the flow of water through
watersheds. "The productivity of these systems is
largely dependent on the retention of water within
drainage basins. The longer we retain moisture, the
higher the productivity of a watershed. One goal of
watershed research is to make these linkages clear.
Watershed management must recognize and
address a wide range of values that water provides,
including the value for downstream uses of water,"
Hawkins says.
Of approximately 300 million acres of public
land in the 11 western states, only about 2 million
acres are classified as riparian areas adjacent to
lakes, rivers and streams, but these are particularly
productive areas-or were at one time. It's estimated
that 80 percent of the riparian areas in the Southwest
and Intermountain Region have been degraded,
depriving wildlife of critical habitat, reducing forage
available to livestock, accelerating soil loss, and
exposing streams to harmful fluctuations in
temperature due to loss of the vegetative canopy.
Agriculture and grazing are often viewed as the
primary culprits in the degradation of riparian areas
in the West, but Hawkins says timber harvest,
stream channelization, flood control structures and
urbanization have also taken their toll. "We're all
responsible for the changes that have occurred, so

we all must be involved in finding a solution. That
doesn't mean a blanket ban on livestock in riparian
areas, but it does mean that grazing should be
managed for long-term sustained use. The more we
know about riparian areas, the
more all users will benefit.
"Grazing is a compatible use
in many riparian areas. The
proper management of degraded
riparian areas can result in
substantial improvements at a
minimal cost. In many situations,
farmers and ranchers can
maintain or increase yields while
increasing wildlife and other
values. It's possible to have a
win-win situation," Hawkins
says.
The complex habitat
associated with riparian areas
begets biological diversity,
Hawkins says, citing studies that show that riparian
areas supported three times the number of nesting
birds and contained three times the number of
wildlife species as adjacent upland areas.
Riparian areas also shelter and nourish streams,
shielding them from detrimental fluctuations in
temperature. Removal of riparian vegetation can
make a stream 16°C warmer in the summer,
decreasing the production of fish, and perhaps
eliminating many orgru 'sms found only in shaded
streams. Conversely, the reduction in insulation
associated with loss of riparian vegetation can make
streams 1.5° C colder during the winter. "It doesn't
take much loss of heat to encourage the harmful
formation of anchor ice during the winter," he says.
One of the unit's goals is to develop methods to
restore riparian areas so they function naturally. It's
an endeavor that transcends traditional academic
disciplines, and requires the expertise of researchers
in fisheries and wildlife, forest resources, geography
and earth resources, and range science, as well as

those in other departments and state and federal
agencies.
Hawkins says stripping vegetation from riparian
areas reduces transpiration, thereby increasing
water yields and peak discharges in some
watersheds, at least temporarily.
Over the long term, however, less
water is available for other uses
because less water is stored.
Healthy riparian areas also
enhance water quality by filtering
out soil and nutrients. They also
tend to stabilize the water table
and help maintain the minimum
stream flows needed by fish and
wildlife.
Topography dictates the
boundaries of a watershed, the
smallest of which is a drainage
basin that supports a permanent
stream. "Probably the largest
watershed we can deal with effectively is about
10,000 acres. Watersheds larger than that are more
difficult to study because of their heterogeneity and
complexity," Hawkins says.
"Cumulative effects" is currently a popular
concept in watershed science. The concept describes
how multiple disturbances cause cumulati e
environmental degradation, which may exceed an
ecosystem's ability to recover from subsequent
disturbances. Eventually, environmental quality, in
this case, water quality, can decline drastically. "We
can push a system so far that it snaps," Hawkins
says. The concept is appealing--it would be far better
and less expensive to prevent serious environmental
damage than to try to correct it after it occurs.
The concept may apply to logging and road
construction in forests, activities which are often
viewed as detrimental to water quality. However,
Hawkins says it's too early to make general
statements about the effects of logging because some
studies have found that, under certain conditions,

Water is no longer

viewed as a

commodity for export
but as the foundation

of a watershed's
productivity ,
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these practices can have benign or even positiv
eff ct on some asp cts of water quality.
USU r arch rs ar d t rmining what
distinguish wat r hed that ar s nsitive
to logging from th e that tol rat such
activity. The study, which involves 46
wat rsh ds in 11 of Calif mia's
ational For t, r pr nts a
rang f logging activity, from
r lativ ly undisturb d
for t t tract that hav
b n clear cut, and
of
xamining how factor
such a st pn
f 1 pe,
timing and am unt of pr cipitation, nature
of stream and tributari ,par nt g logy, and
typ of oil aff ct nsitivity to logging. Rang
scientist Jam D brow 1 ki i monit ring
nutrient flow into tream, and Hawkin i
studying stream morphology and aquatic plant
and animal life.
Pinpointing th imp rtant fact r would
allow manager to classify basin ba don
r ourc s to thos wa tersh ds in gr at t n
attention or repair.
"Water is a pr ciou r urce, on that i
ultimat ly mor valuable than oil," Hawkins ay .
S ,a it turns out, ar watersh ds.
KG
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Taxing a watershed-the toll of cumulative
disturbances

Helping

FORESTERS
Turn Over New
Leaves
eafy cover for furtive elk. Lumber as grist for
economic growth. A verdant cover to soak up water.
A green refuge from the noisy maws of civilization.
Seldom do two people look at a forest and see
the same thing. Those differences are rubbing off on
foresters.
Many professional foresters are scrambling to
accommodate disparate views of forests, stung by
criticism that they have favored traditional
commodity-oriented uses, such as grazing and
timber production, over recreation, wildlife and
aesthetic values. Forestry, once viewed as an
occupation involving trees, is increasingly an
occupation involving people, many of them with
strong--and seemingly incompatible--views of forest
management.
Will forest management become a cauldron of
contention in which hiker is pitted against
lumberman, photographer opposes rancher, and
everyone gangs up on foresters?
USU forester Jim Long thinks not. Some
alternative uses, such as wilderness and timber
production, are incompatible. Many other uses can
peacefully and productively coexist. "The challenge
that we confront in our profession is to enhance
areas of compatibility, and to help the public
understand the trade-offs that are involved," Long
says. His research concerns some of these trade-offs,
such as the effects of thinning on wildlife habitat.
Some of the compromises involve biological
phenomena. For years, foresters thought that the
efficiency of wood growth was synonymous with
biological vigor. An efficient tree, one that produced
.
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lots of timber, was supposedly more vigorous and
better able to ward off insects and diseases.
"We found that just the opposite is true," Long
says. "Trees in very high-density stands are very
efficient but are very susceptible to insect pests and
pathogens."
That leads to an unpalatable trade-off: thin
stands to increase stand vigor (and reduce
productivity), or increase density to maximize
productivity (and increase the chance that insect
pests or pathogens may devastate stands).
The smaller trees from high-density stands are
usually suitable for pulpwood, but there are no pulp
mills in Utah. Fortunately the reduction in
productivity associated with thinning is largely
offset by the increased value of lumber from larger
trees. These findings have encouraged a trend
toward early thinning and fairly wide spacing in
forests in the region, Long says.
The relationship between productivity and
stand density is consistent with what Long found
when he studied the relationship between leaf area
and productivity. Not surprisingly, the greater the
total leaf area, the more rapidly trees grew. He was
surprised, however, to learn that the distribution of
leaves among trees made a big difference. Given the
same leaf area, productivity was greater when
leaves were distributed among many trees than
when allocated among few trees.
Another concern was that sparser stands would
ruin the habitat for elk, who feel uncomfortable
unless they are concealed by foliage. Long and his
co-workers found that elk hiding cover was

maintained longer in thinned stands. (Competition
between crowns in high-density stands results in
fewer branches and poorer hiding cover.) Long
developed graphs that show the relationships
between tree size, stand density and hiding cover so
foresters can easily determine how thinning affects
branch diameter, hiding cover, and productivity.
"There's a fair amount of evidence that it's
possible to provide suitable hiding cover and
acceptable tree growth," Long says.
Even though many people think the state
consists largely of desert and sage steppes, Long
notes that nearly one-third of the state is forested.

Most of the commercial timberland in the state (3.4
million of 16 million forested acres) is owned by
federal and state agencies.
In Utah, water is the most valuable forestderived commodity. Two-thirds of the state receives
less than 20 inches of precipitation annually. Forests
get 30 to 70 inches annually, water which is
gradually released to replenish agriculture and
tourism as well as enterprises traditionally
associated with forests.
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Including
Public Participation in

RESOURCE MANAGEMENT
N

ot too many years ago, people attended
meetings about mining, grazing and logging on
public lands with about as .m uch zeal as they flocked
to a session concerning, say, the design of municipal
water-treatment plants.
No longer. The management of natural
resources on public lands, once viewed as a droll but
necessary facet of government, now attracts plenty
of attention--often more than is comfortable for
many managers. As a result, public agencies
accustomed to dealing primarily with minerals,
cattle, and trees are scrambling to polish their
human relations skills.
It's about time, and not only because it fosters
democracy. It can also defuse conflicts. "The conflict
over the use of natural resources is likely to
continue, and will probably escalate," says Dale

Blahna, specialist in resource recreation with the
USU Department of Forest Resources.
"Unfortunately, natural resource managers are
trained to deal primarily with resources, not
people."
Blahna is trying to correct that deficiency by
offering courses in the management of resource
conflicts. He has also studied public participation in
the u.s. Forest Service, an agency that he says has
been more responsive than most to legislative
mandates to encourage public participation.
Nonetheless, he found that public participation was
often an afterthought. Most managers tended to
ignore controversial issues and solicited public
involvement only after they drafted management
plans.
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Delaying public involvement fostered the
controversy and intransigence that managers
assiduously tried to avoid, Blahna says. When
people didn't know how a plan was drafted, they
tended to overestimate the influence of those
holding opposing views. As a result, they felt they
must express extreme opposing views to counter the
putative lobbying by opponents.
Predictably, the release of some national forest
plans developed in this semi-secretive manner have
precipitated a deluge of vitriolic and emotional
protest. Having felt excluded, the groups adopt

stronger tactics, as occurred in the Midwest when a
natural resource agency failed to explain its logging
policy. Citizens lobbied to oppose logging on stateowned land, and formed a group that now actively
opposes logging around the state. The career of the
manager who neglected to explain his agency's
policies and who didn't attempt to incorporate the
public's views also suffered.
"It's a classic catch-22 situation. By trying to
avoid conflict, the agencies actually fuel
controversy," he adds.

«:.
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It's far better to identify controver ial issues and
get together with those holding divergent views
before planning. Managers have a proclivity to let
sleeping dogs lie, but "sleeping dogs ha e the nasty
habit of waking up and biting us on our ankles.
When managers get together with people on all
sides of the is ue for discu sion, they find that, 10
and behold, people are often reasonable and ready
to compromise. Wilderness advocates recognize the
need to cut timber and the timber industry
recognize the importance of maintaining wildlife
habitat," Blahna says.

He is developing materials to help managers
encourage public participation.
''I'm a firm believer that we never completely
re olve conflict but we can learn to manage them
and use them constructively to get the job done," he
adds.
Results how that efforts to accommodate
Americans' proprietary interest in re ource
management are more likely to go smoothly when
people know that their views haven't been ignored.
I
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User Participation Could Make

RECREATION
- ------.
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Planning More Palatable
W

-- - -

at do di gruntJed hikers, dissatisfied offroad vehicle u ers, angry solitude seekers, and
hostile picnickers have in common?
They are all hapless recreationists, unhappy
because they are trying to u e the arne area at the
same time. While it's obvious that people ometime
should be segregated according to their recreational
proclivities, it's not always clear how to sift and
separate them unobtrusively and equitably.
Manager usually re ort to regulation, but
often act only after conflicts have soured
relationships between different types of
recreationists. Giving u rs a bigger role in deciding
where and how resources will be u ed might avoid
some of these problems, says Dale Blahna, specialist
in resource recreation.
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It also constructively taps energy that might
otherwise be devoted to squabbling.
Blahna is an advocate of participatory
management, a process which lets users shoulder
more of the responsibility for managing recreation
areas, educating users about the proper use of these
areas, and enforcing regulations. "It's often an
approach that's tailor-made to help a manager avoid
polarized situations, even though few managers rely
on it," Blahna says.
Consider mountain bikers. The popularity of
this sport has precipitated concem--in spite of little
evidence to support these fears-that mountain bikes
erode trails and inillct more environm.e ntal damage
than hikers. However, the values of most mountain
bikers appear to be consistent with those of other
backcountry users. Mountain bikers are also eager to
allay fears about their use of trails. For those
reasons, Blahna says it should be possible to
encourage mountain bikers to maintain trails, and to
help managers set and enforce policies-environmental co-optation in its best form.
Part of the problem confronting recreation
managers is determining what motivates people to
seek various types of recreation. Blahna tried to link
recreational preferences with psychological traits,
but traditional psychological scaling techniques
didn't clearly distinguish between types of users-the psyche of a boater might be remarkably similar
to that of a hunter. Both might say recreation
relieves stress, even though both define recreation
different! y.
Recreational preferences seem to be molded by
socialization and previous relationships with the
land, Blahna says. This is especially apparent in how
some minorities view the natural landscape.
For example, Blahna found that many blacks in
the Chicago area felt an animosity toward the
woods, a view that had been inculcated by reports of
racially motivated attacks. Many blacks had heard
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their parents' tales of Ku Klux Klan attacks in
wooded areas of the South. "One person told me that
'blacks go to the woods to die.' Another woman told
me that she hated trees," Blahna says.
The association between the natural landscape
and violence had been further strengthened by news
reports in which the victims of mob violence were
discovered in parks and forest preserves in the
Chicago area.
"Natural areas have acquired a very sinister
connotation for many blacks, one of danger. Those
views have many implications for recreation
managers," Blahna says. For example, those feelings
also explained why many blacks prefer to visit easily
accessible, developed areas instead of more remote,
undeveloped areas.
Our parks and public lands can accommodate
differences such as these, Blahna says. Giving people
an opportunity to help plan recreation can also make
a difference.
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The

U.S. FOREST SERVICE
Adjusts to New Values

A

n identity crisis is never easy, not for an
individual or an organization. And the U.s. Forest
Service has been experiencing a large identity crisis,
one precipitated by the changing environmental and
social awareness that surfaced during the 1970s.
Many other natural resource agencies are also
reevaluating their goals and values, some more
successfully than others. It's to the Forest Service's
credit that it's making the change open!y and
honestly, says USU forester James Kennedy who has
observed, analyzed--and occasionally served as
midwife to--the rebirth.
The agency's identity crisis was precipitated by
a shift in public values that was mirrored in
legislation such as the 1970 National Environmental
Policy Act (NEPA), which Kennedy says "dragged
natural resource agencies kicking and screaming
into an acceptance of the values of our urban, postindustrial American society."
NEPA and similar legislation required the
Forest Service to consider values such as recreation,
wildlife, and wilderness. This was a major shift from
its traditional emphasis on commodities and
sustained yield, says Kennedy, who calls himself a
"student of trees and people, but not necessarily in
that order."
NEPA also mandated more public involvement
and interdisciplinary decision-making. It meant an
influx of new employees to the Forest Service, such
as wildlife and fisheries biologists, economists and
archaeologists, whose values were sometimes as
foreign to the agency as the agency's values were to
them.

"NEPA was a legislated shotgun wedding,"
Kennedy says. Fortunately, the partners are trying to
make the best of the arrangement, although it hasn't
always been easy and some of the participants
would just as soon call off the entire affair. They
can't, however, since Kennedy says the legislation
"has real teeth in it."
"NEPA also represented a stockholder
revolution against professional monocultures that
dominated the Forest Service and the Corps of
Engineers," Kennedy says.
Kennedy conducted the first study of career
development in the post-NEPA Forest Service and
found that some of the new professional recruits
were discouraged, frustrated, alienated, and
uncertain of their willingness to remain with an
organization that they viewed as unresponsive to
their values. This was especially true of wildlife and
fisheries biolOgists.
Part of the problem was that the new recruits
had been trained to deal with fish, economic
principles and wildlife. Most lacked the
organizational savvy and people skills that smooth
the transition into a career in a complex
bureaucracy. The Forest Service, with its
hierarchical, military demeanor, might not have
tried very hard to accommodate these new recruits
in the 1970s, who often placed loyalty to
professional goals above loyalty to the agency.
A decade later, Kennedy surveyed top Forest
Service line officers and a sample of new employees
hired in the last 5 years. Both groups believed that
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the Forest Service's vision statement of "caring for
the land and serving people" represented values
consistent with personal viewpoints and were
values that should be rewarded by the agency.
However, both groups of employees believed that
the Forest Service rewarded the traditional values
and placed undue emphasis on loyalty, adherence to
rules and regulations, and achieving commodity
targets.
"Both the new and experienced employees
believe that they and the public value recreation,
water and wildlife higher than does the Forest
Service. The overwhelming majority, about 80
percent, believe the Forest Service wildlife and
recreation budget should be increased. In sharp
contrast, almost no one, from the top brass to the
fresh recruits, believe the Forest Service timber
budget should be increased," Kennedy said in his
testimony last October before a congressional
subcommittee concerned with personnel matters
affecting Forest Service civil servants.
Kennedy told the subcommittee that the greatest
generational gap between Forest Service employees
concerned environmental values. Not surprisingly,
the young recruits were more environmentally
oriented than their senior administrators.
Nonetheless, the Forest Service is trying hard to
accommodate nontraditional newcomers. One
manifestation of the change is the change in new
types of professionals such as wildlife biologists in
the Forest Service's professional work force, which
increased from 2 percent in 1979 to 10 percent in
1989. Many women and people in non-traditional
disciplines now hold management positions in the
agency, although Kennedy is concerned that many
still face formidable obstacles to some types of
advancement.
"The agency is now talking about a healthy
ecosystem and the ecological value of old-growth
forests. When I joined the Forest Service, the
emphasis was on building new roads so we could

80 UTAH SCIENCE

clear cut old-growth forests to plant new-growth
forests," Kennedy says.
Nonetheless, congressional funding for the
agency is still largely based on the amount of timber
that is cut, a policy inconsistent with the changes
that legislation tries to foster and that the majority of
all employees desire, Kennedy says.
Kennedy also faults universities for failing to
train natural resource students in the human and
organizational skills that will allow them to succeed
in agencies such as the Forest Service. Most colleges
and universities focus on technical, disciplinerelated skills. He compares the educational system
to the automotive industry before it was changed by
consumer legislation. "We don't monitor how well
we are performing, we don't have a system of
quality control, nor do we recall faulty products.
When agencies hire graduates of natural resource
programs, it's still 'let the buyer beware.'"
For this reason, the training he offers to new
Forest Service recruits is similar to that offered to
Peace Corps volunteers before they start working as
change-agents in a foreign culture. "Whether in
Zambia, Bolivia, or the U.S. Forest Service,
professional success must occur in organizational
cultures," Kennedy says. The Forest Service offers
such courses for nontraditional recruits, and there
are a sprinkling of similar courses in colleges and
universities.
In spite of the painful transition, Kennedy says
the Forest Service has "responded admirably. It has
become a much more cosmopolitan and diverse
agency--a much more exciting culture. Very few
organizations would even allow an outsider like me
to look into its soul like this and document its value
conflicts, particularly since it knew that some of the
results might be painful to address."
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Modeling the Forces that Shape

L ANDSCAPES
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n the tussle to maintain a foothold on this planet,
one plant eventually gains mastery over a site.
Sometimes the struggle proceeds at a glacial pace,
perhaps moderated by a slow increase in soil pH or
a barely perceptible shift in moisture or temperature.
Sometimes a plant's ascendancy is aided by
cataclYSmic events such as floods or fires.
Occasionally a victorious plant creates the
conditions for its own demise, as when a plant that
loathes shade grows and casts shadows favoring its
shade-tolerant successor.
Ecologists can predict the outcome of most of
these vegetative scuffles, but the complexity of the
evolutionary events has limited the scope of their
inquiries. David Roberts is mapping ecological
succession on a much grander scale. Roberts, a
vegetation and landscape ecologist, is developing
what he calls a "spatially explicit simulation of
vegetation composition and structure for multiple
communities." The endeavor also involves heavy
doses of "fuzzy systems theory."
Oh.
Like a plant that shades its progeny, the thick
language of research can occasionally cast shadows
over meaning.
Here's a less precise version of what Roberts is
studying: Out of the innumerable factors governing
succession in forests, he has selected five "vital
attributes" that Australian researchers have found
govern plant succession. He then uses computer
models to predict how changes in these factors will
affect forests.

Fire (a "disruption," in the vernacular of
ecologists) is one of those attributes. The others are
methods of plant reproduction (wind dispersal of
seed, vegetative sprouting or stored seed), age at
first reproduction, longevity of .i ndividual plants,
and shade tolerance. Roberts has applied his
findings to Bryce Canyon National Park in southern
Utah, based on information gathered in a 4-year
study in which he described and mapped the types
of habitat in the park and developed a relatively
simple system of successional classification.
Although incomplete, the model has already
been used to identify some intriguing relationships
between the landscape and fire. It could also be used
to study factors such as logging, insects, and
diseases.
"In general, ecologists know the role of fire and
the nature of successional trends," Roberts says.
According to evolutionary theory, a species should
adapt if the intervals between fires or similar
disturbances are shorter than the interval between
generations. A plant probably won't survive on a
site where the intervals between fires exceed the
interval between generations. Nonetheless, when
there are hundreds of species and different types of
fires, it isn't easy to determine what emerges from
the ashes.
The attitude of managers toward fires will mold
the character of many of our national parks, Roberts
says. In 1988, ecological principles associated with
fire flared into a political issue when flames fanned
across Yellowstone National Park.
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"The Park Service operates under several
mandates. At one time, they thought they should
return parks to pre-settlement vegetation
characteristic of the early 18oos, but simulation
models indicated that this would mean the loss of
considerable amount of diversity. They now
interpret their mandate to mean the restoration of
the natural functioning of an
ecosystem. This objective is
much more difficult to
evaluate," Roberts says.
Park managers once tried to
suppress all fires at Bryce
Canyon National Park, but
began prescribed burning a few
years ago. Many questions
remain, however: Does a large
fire every 50 or 100 years have
different consequences than a
series of small fires every
decade? Is it better to let
wildfires start randomly or rely
on prescribed burning? What
happens if fires are allowed on
some types of habitat but not
others?
That's where Roberts' attempt to achieve a
"spatially explicit simulation" comes in handy. Most
computer models developed for this task analyze
one type of habitat at a time and provide statistical
summaries. Roberts is trying to show what happens,
based on the location and size of various habitats.
His proposed model is much l}ke a
checkerboard in which the size and locations of
different habitats are grouped in irregularly shaped
patches called "polygons" to represent the natural
diversity of a landscape. Roberts hasn't completed
the model, but simulations involving an "artificial
landscape" consisting of 400 polygons, four types of
habitat, five fire return intervals and three fire sizes
indicate that fires and the landscape interact in
complex ways.

A complex

It appears that the natural interval between fires

is about 100 years in the wetter areas of the canyon
at higher elevations, and 10-20 years at drier
locations at lower elevations. According to the
simulation, when the fire return interval was shorter
than normal, the landscape became less diverse. At
longer fire return intervals, landscape diversity
increased. "If a complex
landscape is burned too often, it
becomes homogenized, and
there is little difference between
wet and dry sites," Roberts says.
The impact of fire differed
when all dry sites were grouped
together and all wet sites were
grouped together. Under these
circumstances, diversity was
greatest at the normal fire return
interval; shorter or longer
intervals decreased diversity,
indicating that "the effect of the
fire return interval depends on
the complexity of the landscape,"
Roberts says.
It appears that a lot of small
fires produce less diversity than large fires,
regardless of the fire-return interval. It also appears
that "the longer the fire return interval, the more
apparent the natural influences become," Roberts
says.
A major hurdle is the difficulty associated with
merging various types of information into the
geographic information system, a prerequisite to
creating computer-generated maps.
Roberts has tried to develop a model that is
relatively simple and one which doesn't require
prodigious amounts of computer memory. He seems
to be succeeding, although it may be several years
before he is done. Nonetheless, he seems to be
avoiding the "overengineering" that he disdains.

landscape becomes
homogenized if it's
burned too often,
Diversity also

increases if there are
many small fires,
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With a mainframe computer, he has simulated 500
years of succession involving 400 stands (polygons)
in about a minute.
That's fast, certainly a lot faster than waiting a
hundred years or so to see how a fire alters a
landscape appearance. The model will facilitate his
studies of "vegetation theory", which concerns the
location of and interactions between plants.

And "fuzzy systems theory"? It has nothing to
do with the clarity of logic or the pubescence of
plants. Rather, it's a statistical technique used to
classifying things that don't neatly fit into one
category or another--their boundaries are "fuzzy." Its
another object on the intellectual landscape that
shapes the evolution of vegetation theory.
David Roberts 750-2416
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Assessing the ecological impact of fire

4
2

o
C:

0)
-+-

C

C

::J

-+0)

25 ~
u::::

20

10

30

40

50

Decade
The effects of intermediate-sized fires on a variety of forest types typical of Bryce Canyon National Park,
a diverse landscape that varied from ponderosa pine savannas to closed, mixed conifer forests. Under
these conditions, lengthening the natural fire-return interval (1), which ranged from 20 to 200 years,
resulted in more distinct types of vegetation, as indicated by the increase in patCh diversity. Shorter fire
return intervals resulted in a few relatively large areas of young vegetation.
f
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Wall Street Theories

AID

FORESTS
J ust like investors in the stock market, foresters
can employ tactics to minimize economic risk. These
strategies could also increase the compatibility
between timber production and biological diversity,
recreational opportunities, and other forest-derived
benefits, says USU forest economist Robert
Lilieholm.
The key is to select the right mix of species and
stand-management practices, much as investors
select different stocks. As matters now stand,
however, foresters often put their eggs in one basket,
and usually devote large tracts to one species of tree.
These monocultures supposedly simplify
management but at increased economic risk: There's
no guarantee that a species that's valuable when it's
planted won't be viewed as a low-value "weed"
species when it's harvested several decades later.
Monocultures may also be biologically unstable,
more prone to severe attacks by diseases and insects,
and are associated with the clearcutting that often
scars the landscape.
Lilieholm applies modern stock portfolio theory,
which investors use to select stocks to reduce
financial risk, to determine which mix of tree species
will reduce economic risk without dramatically
decreasing expected financial returns. The method
can also incorporate the costs and opportunities
associated with other forest-related attributes, such
as recreation and wildlife habitat.
The nearly 500 million acres classified as
commercial forestland in the United States are a
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source of water, forage, and habitat for wildlife, as
well as timber. Even though legislation has been
passed to encourage greater diversity in public
forests, economic factors often result in singlespecies stands.
"The U.S. Forest Service realizes that it has to
look at options in addition to timber production.
And there's a trade-off with different options, each
of which has different effects on an ecosystem.
Portfolio theory marries what ecologists say about
diversity with what economists recommend to
minimize risk," Lilieholm says.
While portfolio theory has not yet been applied
in forest management, Lilieholm's analysis indicates
that it can work in Appalachian mixed hardwoods
and California mixed conifer forests (sugar pine,
ponderosa pine, white fir, Douglas-fir and incensecedar). Selecting species according to portfolio
theory could reduce financial risk by more than onethird while decreasing returns by less than 1 percent
compared to a conventional system of stand
management in which economic risk was not
considered.
Lilieholm examines price fluctuations for timber
and costs of production to determine the optimum
mix of species. Prices for some types of timber tend
to remain relatively stable while others fluctuate,
either in tandem or in opposite directions. Formulas
let foresters determine an acceptable tradeoff
between expected financial returns and economic
risk.
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(continued from page 54)
or endangered. By merging satellite images of
habitat types with maps of land ownership and
maps showing the habitat preferences of wildlife,
managers will be able to determine how changes in
land management such as road construction or
logging will affect vital habitat, as well as

identifying the agency or owner responsible for
critical habitat.
"The information will help minimize the impact
of resource extraction on annual habitat needs. It
combines a lot of pieces of information that
previously weren't available on a regional scale.
Land management agencies will utilize this
information for years," Edwards says.
The GIS could also provide a biological basis for
determining how much acreage to devote to
wilderness in Utah, although the .final decision may
reflect political rather than biological considerations,
he says.
Edwards, who was involved in the decision to
list the northern spotted owl as a threatened species,
says a GIS that provided a regional perspective
might have reduced the conflict between logging
and the owl. Part of the problem was that
management agencies hadn't gathered habitat
information in a form that encompassed the 3-7
square miles used by a single pair of owls.
A GIS can provide insights into all kinds of
phenomena.
Consider sagebrush and the sage grouse. The
grouse likes the taller, denser stands of sagebrush, in
part because it can roost in a snowcave formed by
branches during the winter. The GIS generated by
Edwards and graduate student Collin Homer shows
seven categories of sagebrush habitat generated
from satellite data, ranging from short-low density
to tall-high density.
It takes only a glance to determine where the
sage grouse might like to hang out and another flick
of the wrist to learn who owns (or manages) its
favored habitat.
Researchers have only started to tap the ability
of a GIS. In a society awash in data, there's often still
a shortage of useful information. A GIS promises to
rectify that imbalance.
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